Wheezing lower respiratory illnesses are important causes of morbidity in childhood. Much attention has been focused on the relation between wheezing illness in infancy and subsequent asthma. The study of risk factors for asthma is difficult because of the number of confounding influences contributing to its development, and the difficulty in defining the outcome entity which is a clinical syndrome that varies substantially in presentation and clinical course.
Asthma is a condition characterised by acute attacks of wheezing, shortness of breath, and cough which is, at least partially, reversible. Airway changes responsible for these symptoms are believed to be associated with airway hyperresponsiveness, atopy, and an inflammatory response leading to mucosal infiltration of inflammatory cells, oedema, mucus hypersecretion, and smooth muscle contraction.
Genes and the environment The predisposition to asthma and atopy is inherited. Family and twin studies have shown that total IgE production has a heritability close to 80%.' This may involve a single gene although the mode of inheritance has not yet been clearly defined.2 On the other hand, the production of specific IgE against allergens appears to be influenced more by environmental than genetic factors. 3 and abnormal lung function. 7 The mechanism by which environmental tobacco smoke causes asthma symptoms is not well understood; it may lead to abnormal airway growth during pregnancy,7 14 non-specific increase in IgE levels,'5 or increased sensitisation to aeroallergens.11
Environmental tobacco smoke may therefore affect lung growth and development leading to lower respiratory symptoms, it may trigger attacks of asthma, or it may increase the prevalence of asthma. There is little evidence to support the latter.
Exposure to allergens in early life may be important in the development of subsequent asthma and atopic disease. A high incidence of asthma has been found in children born in certain months of the year, although the pattern may change from year to year and differ from country to country.'6 Although allergic responses to foods such as nuts and milk are frequently detected in early childhood, they appear to be transient and there have been no convincing studies to show that these influence the development of asthma. It is more likely that aeroallergens such as house dust mite, grass pollens, and cat dander may contribute. ' More than one third of children will have a wheeze associated lower respiratory illness during the first year of life. As most wheezing lower respiratory illnesses in infancy are associated with viral infections, environmental factors play an important part. Lower socioeconomic status, increased number of siblings, and daycare all increase the risk for lower respiratory tract illness.22 Breast feeding is protective against wheezing lower respiratory tract illness early in life, particularly in those at higher risk because of poorer socioeconomic conditions. 22 Parental, particularly maternal, cigarette smoking is associated with an increased risk of wheezing lower respiratory symptoms and hospitalisation in exposed infants.2324 Studies suggest that this relation may be because of an effect on the developing lung by maternal smoking during pregnancy.714 Infants born preterm, and those with chronic lung disease associated with prematurity and with the treatment of neonatal respiratory distress, are more likely to develop wheezing lower respiratory illness, severe bronchiolitis, and require hospitalisation.2526 Male infants also develop more severe lower respiratory illness and wheezing. The reason for the gender difference is unknown, but may relate to differences in lung function between the sexes. 27 Some studies have found that infants with wheezing, and those admitted to hospital with bronchiolitis, have an increased family history of atopy,'829 while others suggest that no strong relation exists between family atopy and bronchiolitis in infancy.30 Halonen et aP' have shown, in fact, that levels of IgE in cord blood are inversely related to the risk of wheezing during the first year of life. Many infants wheeze during the first year of life and less than half of these are likely to develop asthma. Wheezing in the remaining infants appears to be related to a pre-existing difference in airway size or damage sustained during lung growth.
Bronchiolitis
The relation between bronchiolitis and other wheezing lower respiratory illnesses remains unclear. To understand better the relation between bronchiolitis and subsequent asthma, it is necessary to restrict the term "bronchiolitis" to a specific clinical syndrome caused by respiratory syncytial virus infection. This illness is associated with the onset of cough and wheeze in infants under 12 months of age who display hyperinflation with wheeze and fine inspiratory crackles audible thoughout the lung fields on auscultation.3' The clinical severity may vary from mild respiratory distress managed at home to severe distress requiring hospitalisation and ventilation. To include all wheezing episodes associated with respiratory infections in children under two years of age, as is sometimes done in reported studies, will certainly lead to confusion as many of these infants are likely to be asthmatic with sufficient criteria for that diagnosis.
Primary infection with respiratory syncytial virus develops in most children during the first two years of life. In the majority of cases the first infection resolves without major lower respiratory symptoms within one to two weeks. Some will develop a wheezy lower respiratory illness and some the clinical syndrome defined as bronchiolitis, the proportion depending on the rigidity with which the criteria for diagnosis are used. Approximately 2 5% will be hospitalised and 5-25% of these will be admitted to the intensive care unit. This is more likely to The proportion of infants who develop recurrent wheezing, airway hyperresponsiveness, asthma, or persisting abnormalities of lung function after bronchiolitis will depend on the criteria used for defining bronchiolitis. Some published studies are hospital based while others are community based; some restrict their cases to those with proven respiratory syncytial virus infection; some limit the age range to the first 12 months of life, while others extend this to two years. Most find that these infants subsequently experience more respiratory symptoms than those who have not had acute bronchiolitis, although the symptoms vary in severity and tend to diminish with time. A number of long term prospective studies of children admitted to hospital with bronchiolitis positive for respiratory syncytial virus have shown that approximately 75% will experience wheezing in the first two years after the initial illness, more than 50% will still wheeze three years later, and approximately 40% continue to wheeze after five years.2835-39 Rooney found that atopy in the family was not a significant risk factor for wheezing after bronchiolitis. Murray et al37 did find that personal atopy was more prevalent in the symptomatic children after bronchiolitis.
Gurwitz et aP8 and Murray et aP7 found an increased incidence of bronchial hyperresponsiveness to histamine or methacholine after bronchiolitis (76% and 57% respectively). They also found that few of the patients with bronchial hyperresponsiveness had troublesome symptoms and that bronchial hyperresponsiveness did not correlate with wheezing, many in the control groups who had not had bronchiolitis having wheezing and bronchial hyperresponsiveness. These findings confirm those of Pullan and Hey. 30 McConnochie and Roghmann40 evaluated children 7-8 years after bronchiolitis who were managed in a community based paediatric practice. Upper respiratory allergy, bronchiolitis, and passive smoke exposure were significantly related to later wheezing, but their analysis suggested that bronchiolitis accounted for only 1% of the risk for subsequent wheezing.
Immunopathology of bronchiolitis 47 Tepper et a148 found increased responsiveness to inhaled methacholine in infants after bronchiolitis. The bronchiolitic infants maintained a greater airway responsiveness than a control group of the same age. Beta-adrenergic function in human white cells is compromised when incubated with respiratory viruses.45 A virus effect on catecholamine regulation of cell function could establish a permissive situation to promote the release of mast cell mediators and thus enhance airway inflammation, obstruction, and reactivity. Although a strong association exists between levels of virus specific IgE antibody and the development of airway obstruction during bronchiolitis and subsequent wheezing, evidence that this mechanism is important in the development of long term changes is not strong.43 Cytotoxic T cells appear to be important in recovery from respiratory syncytial virus infections, yet some have suggested that cytotoxic T cells may contribute to the lung disease. Various changes in CD4/CD8 cell numbers are reported, but it is difficult to know to what extent changes in peripheral blood reflect changes within the lower respiratory tract.46 Impairment of T cell function may be important in the development of bronchiolitis, but further studies are necessary to define any altered immunoregulation. Neutrophils appear to be the dominant inflammatory cell in infants with acute respiratory syncytial virus bronchiolitis." Alterations in function of white blood cells with respiratory syncytial virus infection may play a part in the development of long term disease within the respiratory tract, but the contribution to asthma and chronic airflow limitation has not been defined.
Conclusion
A significant number of children wheeze in the first year of life, but only a minority develop acute viral bronchiolitis. Some, but not all, go on to develop asthma. The relation between these three syndromes is still confused. Acute viral bronchiolitis represents a clinical syndrome usually associated with infection with respiratory syncytial virus. It varies in its severity and manifestations in different societies. Whether bronchiolitis is the first respiratory illness in an infant prone to wheezing lower respiratory illness or an entity with a specific immunological mechanism remains to be determined. The remission in wheezing that occurs in many children with bronchiolitis and other wheezing lower respiratory illnesses suggests that the problem in these is probably related to smaller airways associated with male gender, maternal smoking, and preterm delivery. The 
